Isolation ofphage protein. The phage particles were denatured by a variation of the method of FraenkelConrat (4). A phage suspension was cooled in ice, and an equal volume of chilled 90% formic acid was added. This was followed by a volume of chilled glacial acetic acid equivalent to twice the original suspension. After the suspension was mixed well, the precipitated RNA was removed by centrifugation in the cold. The formic acid-acetic acid supernatant fluid was neutralized in the cold with NaOH to pH 5. The precipitated phage protein was recovered by centrifugation, washed well with water, dried in vacuo, and stored in the cold. These methods yielded protein dissociated into subunits and with less than 0.1% RNA.
A previous paper by Overby et al. (19) described properties of the intact particles of the ribonucleic acid (RNA) bacteriophages MS-2 and Q3. The size and hydrodynamic properties of the two viruses were virtually identical with six other recently described RNA coliphages. MS-2 and Q3 differed from each other in surface charge and were unrelated serologically. The present paper describes some properties of the RNA and coat proteins.
MATERIALS AND METHODS
Virus, media, and bacteria. The two viruses were grown, isolated, and purified as described by Overby et al. (19) .
Isolation of RNA. A phage suspension was treated at room temperature for 20 min with sodium dodecylsulfate at 0.5% concentration. The suspension was cooled, and RNA was extracted by the phenol method of Gierer and Schramm (5) . The methane (Tris), pH 7.2, 10-' M MgC12, and 0.10 M NaCl, at -20 C; this was the general buffer used in most experiments.
Isolation ofphage protein. The phage particles were denatured by a variation of the method of FraenkelConrat (4) . A phage suspension was cooled in ice, and an equal volume of chilled 90% formic acid was added. This was followed by a volume of chilled glacial acetic acid equivalent to twice the original suspension. After the suspension was mixed well, the precipitated RNA was removed by centrifugation in the cold. The formic acid-acetic acid supernatant fluid was neutralized in the cold with NaOH to pH 5. The precipitated phage protein was recovered by centrifugation, washed well with water, dried in vacuo, and stored in the cold. These methods yielded protein dissociated into subunits and with less than 0.1% RNA.
OVERBY ET AL. membrane filters, and counted in vials in a liquid scintillation spectrometer.
Spectra. Ultraviolet spectra were obtained on a Cary recording spectrophotometer.
Density of RNA. The procedure of Hearst and Vinograd (11) was followed for buoyant density in cesium sulfate. Phage RNA and Escherichia coli ribosomal RNA, as a reference marker, were banded in solutions of input density of about 1.62 in an analytical ultracentrifuge.
Companion analyses were also run in a preparative ultracentrifuge with a SW 39 rotor. Mixtures of species of RNA were banded in Cs2SO4 at 33,000 rev/min, 25 C, for 72 hr. Approximately 45 samples were obtained from 3.0 ml by dripping from the bottom of the tube. The fractions were analyzed for optical density at 260 mu and for acid-precipitable radioactivity. The density gradient was determined from refractive index readings on every fifth fraction and conversion to density from a standard curve of refractive index versus density. This Figure 1 shows the profile obtained during a simultaneous centrifugation through a sucrose gradient of H3-Q$-RNA and P3-MS-2 RNA. Unlabeled bulk RNA from E. coli was included as a marker. It is evident that, though similar, Q3-RNA has a slightly higher S value than MS-2 RNA. This slight difference was confirmed by measuring the S2o,w values in an analytical ultracentrifuge (Fig.  2 ). Q3-RNA yielded an S2o, of 28.9 whereas MS-2 was 25.8 in 0.01 M Tris (pH 7.2), 0.001 M MgCl2, and 0.1 M NaCl.
Chromatography. As may be seen from Fig. 3 , the two RNA species are readily separable by chromatography on methylated albumin-kieselguhr columns with a linear sodium chloride gradient. MS-2 always elutes between the 16S and 23S RNA, whereas Q,B-RNA is found just preceding the 16S component.
Density. MS-2 RNA and Q,3-RNA were identical in density in CS2SO4 and slightly lighter than E. coli ribosomal RNA (Fig. 4) . The viral RNA preparations possessed a density of 1.64, whereas the marker ribosomal RNA was 1.66 g/ml. Ribosomal RNA showed a tendency to aggregate in cesium salt solutions and form a sharp band. In contrast, viral RNA did not show this tendency and yielded more diffuse bands. The values obtained in the preparative rotors were checked by determinations (11) and showed the typical maxima and minima for RNA (Fig. 5) .
Base ratios. Base ratios of the RNA from each phage, as determined by column chromatography of an alkaline hydrolysate, are given in Table 1 . For comparative purposes, the base ratios for E. coli RNA are included. Only the four major bases were detectable in the phage RNA hydrolysates. A clear difference in the two phages was evident in the base composition. MS-2 resembles E. coli message RNA, with about equal proportions of the four bases. However, Qf-RNA is asymmetrical with respect to adenine and uracil, showing almost 30% uracil and 22% adenine. Molecular weights. The particle weights of the two phage RNA preparations were measured by light scattering. The refractive increment was taken as 0.194 ml/g, and the specific absorption at 260 m, as 25 mg/ml (23) . All measurements were made in 0.01 M Tris (pH 7.2) containing 1IO-M MgCl2 and 0.1 M NaCl. Four concentrations (100 to 600 Ag/ml) were used for the Zimm plots ( Fig.   6 and 7) . For MS-2 RNA, the intercept was 10-6, corresponding to a molecular weight of 106. For Q3-RNA, the corresponding values were 1.1 X 10O6 as the intercept and 0.9 x 106 for the molecular weight.
Properties of the proteins: Sedimentation. Figure 8 shows a simultaneous analytical ultracentrifuge run of the two coat proteins in 0.5 M acetic acid. The protein subunits were similar in sedimentation characteristics in acetic acid. The S2o,W values were 2.3 for Qf3 and 1.8 for MS-2. MS-2 protein appeared to be more diffuse in this run, but this was not a repeatable feature. The preparations appeared to be homogeneous without evidence of degradation or aggregation during rate sedimentation runs. Similar sedimentation characteristics were found in bicarbonate buffer at pH 10. 
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The calculated molecular weights were 15,500 for Q,B and 14,000 for MS-2. Some aggregation always appeared to occur late in the equilibrium runs. The resulting plot was not linear near the bottom of the cell. Molecular weights were estimated from the initial slope at the miniscus, and therefore the above may represent minimal values. Amino acid composition. The dissimilarity of the two coat proteins is clearly evident from the relative proportion of the 17 amino acids shown in Table 2 . The MS-2 coat protein lacks histidine, and peptide fingerprint analysis (unpublished data) shows two tryptophan-containing peptides, indicating the presence of at least one tryptophan residue. On the other hand, amino acid and peptide fingerprint analyses failed to confirm a residue of either histidine or tryptophan in the Q/3 coat protein. In addition, no trace of tryptophan was discovered in Q,B-protein, either enzymatically (Scott, Biochem. J. 75:7P, 1960) or spectrophotometrically under conditions in which one residue would have been readily detected. With these exceptions, neither protein appears to be especially unusual in amino acid composition.
Spectra. The ultraviolet spectra of the two proteins are shown in Fig. 9 . The MS-2 protein shows a conventional spectrum with minimum and maximum at about 250 and 275 m,u, and a 260/280 ratio of 0.65. The specific absorbancy at 280 mrn was about 1. For the Q4 protein, the specific absorbancy at 280 m,u is 0.5 and the 260/ 280 ratio about 0.5, thus reflecting the absence of tryptophan.
DISCUSSION
We have elsewhere (19) compared the physical properties of eight RNA bacteriophages independently isolated in America, Europe, and Asia. Except for Q,3, they were remarkably similar. The physical data reported here for MS-2 and Qf RNA were obtained on preparations of RNA showing, for the most part, a single component in the ultracentrifuge. Unless extreme care is exercised, RNA preparations from purified phage showed one to four components of sizes ranging from 6S to 28S. The consistent appearance during degradation of components of about 6S, 14S, and 20S suggests nucleolytic breakage of the 28S single strand at specific scission points.
The different serological specificities of MS-2 and Q,B phage as reported earlier (19) are reflected in the amino acid composition of the capsid proteins (Table 2) . Two serologically similar phages, R-17 and M-12, had exceedingly similar amino acid compositions in the coat proteins (3). It is of interest that five bacteriophages lack histidine in their coat proteins: f-2 (18), R-17 and M-12 (3), and MS-2 and Q3. In addition, Q,B lacks tryptophan.
